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(54) Title: METHODS AND APPARATUS FOR FILTERING AND CACHING DATA REPRESENTING IMAGES 

(57) Abstract: Methods and apparatus for displaying images, e.g., text characters, on display devices which have multiple sepa- 
rately controllable luminance elements per pixel are described. Multiple alpha values (1004) are generated per pixel, e.g., one per 
pixel sub-component. Filtering (1006) is then performed to generate a filtered alpha value (1008) for each pixel sub-component 
The filtering operation (1006) uses as its input multiple alpha values, e,g M 5 per pixel. The alpha values (1004) used for the filtering 
operation (1006) may come from neighbouring pixels (e.g. 932, 934). Accordingly, in the case where character glyphs are com- 
bined to form larger images, e.g., texts strings, the filtering operation performed on glyph edge pixels depends on the content of a 
neighbouring character glyph. In one embodiment unfiltered alpha values (1004) used to represent character glyphs are stored in a 
glyph cache. After caching, the unfiltered alpha values (1004) from multiple glyphs are combined and then the filtering operation 
(1006) is performed To avoid repeated filtering of character glyphs, in another embodiment, character glyphs are padded along 
their vertical edges, filtered and then stored in the glyph cache. Glyphs are output from the cache as required and then combined 
with filtered alpha values (1008) corresponding to overlapping image portions being summed. As a result of the summing processes, 
correct filtered alpha values are generated along glyph edges for the combined image corresponding to multiple glyphs. 
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METHODS AND APPARATUS FOR FILTERING AND 
CACHING DATA REPRESENTING IMAGES 

FIELD OF THE INVENTION 

5 The present invention relates to display methods and apparatus and, more 

particularly, to methods and apparatus for displaying images, such as text on display 
devices which have multiple separately controllable luminance elements per pixel. 



BACKGROUND OF THE INVENTION 

10 The display of images, e.g., text characters, on display devices is of high 

importance. This is particularly the case given the ever-increasing use of computers 
and other types of devices which rely on displays to convey information. 

Pixels are used to represent display images on a display device. The term 
pixel, which is short for picture-element, is commonly used to refer to one spot in, 

15 e.g., a rectangular grid of thousands of spots which can be used to represent an image. 
Pixels are normally used individually by a computer to form an image on the display 
device. 

Color display devices have become the principal display devices of choice for 
most computer users. The display of color on a monitor is normally achieved by 
20 operating the display device to emit light, e.g., a combination of red, green, and blue 
light, which results in one or more colors being perceived by a human viewer. 

In color displays, the intensity of the light emitted corresponding to the 
additive primary colors, red, green and blue, can be varied to get the appearance of 
almost any desired color pixel. Adding no color, i.e., emitting no light, produces a 
25 black pixel. Adding 100 percent of all three colors results in white. 

In cathode ray tube (CRT) display devices, the different colors of light are 
generated via the use of phosphor coatings which may be applied as dots in a 
sequence on the screen of the CRT. 

Liquid crystal displays (LCDs), or other flat panel display devices are 
30 commonly used in portable computer devices in the place of CRTs. This is because 
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flat panel displays tend to be small and lightweight in comparison to CRT displays. 
In addition, flat panel displays tend to consume less power than comparable sized 
CRT displays making them better suited for battery powered applications than CRT 
displays. 

5 As the quality of flat panel color displays continues to increase and their cost 

decreases, flat panel displays are beginning to replace CRT displays in desktop 
applications. Accordingly, flat panel displays, and LCDs in particular, are becoming 
ever more common. 

Unlike CRT displays, LCD displays use square or rectangular light emitters, 

10 usually positioned adjacent one another, as the source of red, green and blue light for 
each pixel. Due to manufacturing limitations with regard to the size of light emitters 
in LCD displays, it is difficult in an LCD display to achieve the same resolution 
commonly found in CRT displays. 

Unfortunately, the limited resolution provided by commonly used flat panel 

15 displays such as LCDs tends to be less than ideal for the display of text. LCD display 
resolution problems are particularly noticeable when displaying text at small font 
sizes which are commonly used on personal data assistants and other hand held 
devices. When the size of a pixel is treated as the smallest unit of size which can be 
used to represent a position of a character or other image, the relatively large pixel 

20 size compared to the character size tends to produce characters with jagged edges. 

The use of LCD displays with small characters can also produce less than 
desirable representations of, e.g., bold text. In the case of bold text it is desirable that 
bold character stems have stem weights that are 10-20% higher than the 
corresponding non-bold character stem. At small sizes a character stem may be only 

25 one or two pixels in width. Given such stem widths, adjustments in stem weights in 
one pixel size increments as is commonly done in the art, can lead to far more than the 
desired 10-20 percent increase in stem weight for bold characters. 

FIG. 1 illustrates a known computer system 100 which comprises a housing 
101, keyboard 104, disk drive 105 and an LCD display 102. The LCD display 
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comprises a plurality of pixels, two of which are identified by reference numbers 110, 
112. Each of the pixels 110, 112 includes separate red (R), green (G) and blue (B) 
pixel subcomponents which may be controlled as independent luminous intensity 
sources. In the computer system 100, the R, G and B pixel subcomponents are 
5 arranged to for vertical stripes. 

In known systems, in the case of text, a high resolution representation of a text 
character, sometimes referred to as an analytic representation, is normally*sampled. 
The samples are then used to generate luminous intensity values, e.g., red, green and 
blue pixel sub-component luminous intensity values, which control the light output of 

10 the R, G and B pixel sub-components of each pixel, respectively. In conventional 
systems, the R, G, and B pixel sub-component luminous intensity values are normally 
generated from the same set of image samples. 

FIG. 2 illustrates one known image rendering technique used to control the 
light output of a set of pixels. In FIG. 2, the grid 220 represents a source image, e.g., 

15 a foreground/background color representation of a text character, which has been 
divided into 9 segments corresponding to 3 rows R(N), R(N+1), R(N+2) and 3 
columns C(N), C(N+i), C(N+2) of source image pixel segments. Each one of the 9 
segments corresponds directly to one pixel, e.g., pixel 240, of the display screen 
represented by grid 230. Red, green and blue pixel sub-components 232, 234, 236 are 

20 illustrated in FIG. 2 using medium, dark and light speckling, respectively. 

In the known image rendering technique, each portion of a source image 
corresponding to a pixel, referred to herein as a source image pixel segment, is 
oversampled by a factor of 4 in the vertical and horizontal dimensions. Thus, a set of 
16 samples, represented by the circles 222 with x's inside, is generated for each pixel. 

25 The 16 samples corresponding to each pixel segment are then filtered to 

produce the red, green and blue luminous intensity values used to control pixel 
sub-components 232, 234, 236. The filtering of the samples is represented by the 
arrow extending from source image segment 223 to pixel 240. Thus, in the illustrated 
system, the same portion of the source image is used to generate each of the red, green 
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and blue pixel sub-component luminous intensity values of a pixel. In the known 
FIG. 2 system, the filtering performed to generate pixel sub-component luminous 
intensity values does not cross pixel boundaries indicated in the image 220 by the use 
of solid lines. Accordingly, the luminous intensity of each pixel is not affected by 
5 neighboring source image pixel segments. As will be discussed below, this allows 
different images, e.g., text characters, to be sampled, filtered, stored and then 
subsequently concatenated without impacting the filtering since the filtering does not 
depend on neighboring image portions beyond a pixel boundary. 

As is known in the art, there are generally two stages associated with the 

10 display of text images, e.g., characters, 1) the glyph rendering stage and 2) the glyph 
display phase. The glyph rendering stage involves the generation of one or more 
character glyphs and the storage of the glyphs in a glyph cache for subsequent use, 
e.g., during the display phase. The glyph display phase involves retrieving glyphs 
from the font cache as need, and, in many cases, combining them prior to display to 

15 form text strings. 

In the glyph rendering stage one or more character glyphs are rendered, i.e., 
generated, from corresponding high resolution representations, e.g., outline 
representations, of the rendered characters. The high resolution character 
representations from which characters are frequently rendered include character shape 

20 and size information. The shape information is frequently in the form of lines, points, 
curves and/or arcs. Areas within the character outline correspond to the foreground 
color while areas outside the character outline correspond to the background color. 

As part of one known character glyph rendering process, the high resolution 
representation of the character image from which the glyph is being generated, is 

25 sampled multiple times per pixel in both the horizontal and vertical directions as 
illustrated in FIG. 2. The samples corresponding to each pixel of an image are then 
filtered, e.g., summed, to perform a filtering operation. The value associated with 
each pixel resulting from the filtering operation is then stored, along with character 
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spacing information, in a font glyph cache. In the known system one value, referred 
to as an alpha value, is generated per pixel as a result of the filtering operation. 

Alpha values indicate the proportion of the foreground and the background 
color which contribute to the image area to which the alpha value corresponds. In the 

5 known system a single alpha value is generated for each pixel and is used to control 
the red, green and blue luminous intensity values of the pixel as a function of 
foreground and background colors which are subsequently applied. 

Alpha values are usually normalized to a value in the range of 0-1 before 
being used in the application of foregrouncl^ackground colors to a rendered character 

10 glyph. In the known system a normalized alpha value of 1 indicates that the region to 
which the alpha value corresponds is a foreground color region. A normalized alpha 
value of 0.5 indicates that the foreground and background colors contribute equally to 
the color of the region corresponding to the alpha value. In addition, a normalized 
alpha value of 0 indicates that the region to which the alpha value corresponds is a 

1 5 background color region. 

In the known system, rendered glyphs, which include character spacing 
information and one alpha value per pixel, are stored in a glyph cache. The stored 
alpha values are non-normalized values which are generated by summing the 
individual samples, having a value of 0 or 1, corresponding to a pixel region. 

20 By storing rendered glyphs in a glyph cache, the known system avoids the 

need to render a character glyph each time it needs to be displayed, e.g., as part of a 
text string. 

The second phase of rendering text, the glyph display phase, involves reading 
out glyphs from the glyph cache, applying foregroundtoackground color selections, a 
25 gamma correction operation and then outputting the resulting values to a display 
buffer for storage until being used to control the display device to display the desired 
character images. 

The above described process can be used to generate and display opaque or 
transparent characters. In the case of opaque characters, a uniform background color 
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is applied. In the case of transparent characters, the background color may vary as a 
function of the background image over which the characters are placed. 

FIG. 3 illustrates one known embodiment of the above described glyph 
rendering and displaying process as applied to rendering and displaying opaque 
5 characters. In FIG. 3, and the various other process diagrams included in the present 
application, ovals are used to illustrate steps, rectangles are used to illustrate hardware 
devices, e.g., storage devices, and non-rectangular parallelograms are used to 
represent data, information, or other values. 

The known process 300 begins in step 302 with the sampling of source image 
10 pixel segments of a character image. The pixel segments are sampled at a rate of 4x 
in both the horizontal and vertical directions as illustrated in FIG. 2. The image 
samples (16 per pixel) 304 are then filtered in step 306 using a box filter to produce a 
value between 0 and 16 per pixel. Next in step 308, values of 16 are clipped to 15 so 
that the alpha value for each pixel can be represented using 4 bits. This permits the 
15 alpha values to range between 0-15 and allows the alpha values to be stored using 
4 bits each as opposed to 5 bits which would be needed for the range 0-16. The alpha 
values produced by clipping step 308, on per pixel, are stored in the font giyph cache 
310 as a glyph corresponding to the sampled image. Multiple character glyphs may 
be stored in the font glyph cache 310. 
20 The glyph display phase of display text begins with glyphs being output by the 

glyph cache 310. The output of glyphs is in response to a glyph identifier which 
identifies the stored glyph to be output. 

The alpha values, one per pixel, included in the output glyphs are processed to 
apply selected foreground and background colors in blending step 312. As part of 
25 step 312, the alpha values are normalized to a value between 0 and 1 . Foreground and 
background colors are then applied, to generate R, G, and B luminous intensity 
values, on a per pixel according to the following equation: 
R = ocR F + (l-oc)R B 
G = ocG F + (l-cc)G B 
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B = ocBp + (I-cc)Bb 

Note that foreground and background colors are specified as gamma corrected 
values, i.e., values which have been processed to take into consideration the 
non-linear response characteristics of a display device. Before use in the color 
5 blending operation 312, the gamma corrected foreground and background colors are 
inverse gamma corrected in steps 311 and 312 to produce the foreground and 
background luminous intensity values used in the color blending process. 

The R, G, B foreground and background luminous intensity values used for 
blending are indicated through the use of an F subscript for a foreground value and a 
10 B subscript for a background value. 

The generated luminous intensity values are gamma corrected in step 314 
prior to being stored in the display buffer 316. Gamma correction is a well known 
process for adjusting luminous intensity values to take into consideration the 
non-linear nature of the light output of a display device in response to voltage control 
15 signals. 

FIG. 4 illustrates another embodiment of the known process for rendering and 
displaying opaque glyphs. In the FIG. 4 process 400, a pre-computed look-up 
table 402 is used to perform a combined color application and gamma correction 
procedure. A different look-up table 402 is used for each supported set of 
20 foregrounc^ackground colors. The look-up table 402 receives as its input one four 
bit alpha value per pixel and outputs one set of R, G, B values for each alpha value 
supplied thereto. 

FIG. 5 illustrates a known process 500 for rendering and displaying 
transparent glyphs. In the FIG. 5 embodiment, gamma correction is performed in the 
25 alpha color space in step 502 on the alpha values output by the font glyph cache 310. 
The gamma corrected alpha values are then supplied to compositing step 504. Since 
gamma correction is performed in alpha space inverse gamma correction operations 
need not be performed on the foregroundftackground color values prior to color 
blending. Compositing step 504 is responsible for performing color blending using a 
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fixed foreground color and a background color obtained from a background image. 
Accordingly, in the process 500, background image data is retrieved, on a per pixel 
basis, from the display buffer 516in compositing step 504 for color blending purposes. 
The background information is retrieved from the pixel location in the display buffer 
5 516 corresponding to the image location of the pixel being prepared for display. The 
R, G, B luminance values produced for each pixel are stored in the display buffer 516 
at locations indicated by the glyph location information supplied to compositing step 
504. * 

While the known text display methods work satisfactorily in many 

10 applications, as discussed above, in the case of LCD displays and small display sizes, 
images can suffer from blur, jaggedness, and other problems due to a lack of 
resolution. This is due, in part, to the fact that pixels are treated as single entities in 
most known image display processes. 

In view of the above remarks, it is apparent that there is a need for new and 

15 improved display methods and apparatus. It is desirable that at least some of the new 
methods and apparatus be capable of displaying small size text on LCDs at reasonable 
quality levels. It is also desirable that some of the new methods and apparatus be 
capable of displaying text in a computationally efficient manner allowing for the use 
of lower cost processors than might otherwise be required. 

20 

SUMMARY OF THE PRESENT INVENTION 

The present invention relates to methods and apparatus for displaying images, 
e.g., text characters, on display devices which have multiple separately controllable 
luminance elements per pixel. 
25 In accordance with the present invention, pixel sub-components are treated as 

individual luminous intensity sources which can be separately controlled to represent 
different portions of a source image. As part of the display process of the present 
invention, high resolution representations of images, e.g., outline representations of 
text characters to be displayed, are super-sampled. Sets of samples corresponding to 
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different but potentially overlapping image portions are then used to control the light 
output of individual pixel sub-components of each pixel. The samples, in the set of 
samples used to control each pixel sub-component are filtered, e.g., summed, to 
generate a filtered alpha value corresponding to a pixel sub-component. In this 
5 manner, a set of filtered alpha values, one for each pixel sub-component of a pixel is 
generated. 

Foreground and background color is applied to each pixel sub-component 
through the use of alpha blending techniques. 

The filtering step uses, in various implemented embodiments, alpha values 
10 from adjacent source image pixel segments. This can complicate the filtering process 
since the content of a neighboring pixel can be dependent at glyph boundaries on the 
content of a neighboring character glyph. 

In one embodiment, non-filtered alpha values are stored in a glyph cache. 
When character stings are to be generated, the cached glyph data is output from the 
15 cache and then filtered. In such an embodiment, the filtering of the alpha values 
occurs after the glyphs are combined. Accordingly, in such an embodiment, alpha 
values from neighboring glyphs are available at filtering time. Thus, in the post cache 
filtering embodiment, color leakage across pixel boundaries does not present a 
problem. 

20 In other embodiments, the alpha values used to represent a character glyph are 

filtered prior to the glyph being stored in the glyph cache. In such embodiments, the 
alpha values from neighboring glyphs are not available at the time of filtering since 
the neighboring glyph remains undetermined. In such an embodiment, it is not 
possible to take into consideration the effect of neighboring glyphs on the glyph being 

25 filtered at the time of filtering. 

To address the effect of neighboring glyphs on filter output values, in one 
embodiment, glyphs are padded prior to filtering to add one or more background color 
pixel sub-components at the points along the glyph vertical edges where color leakage 
might occur from the character glyph as a result of filtering. 
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Subsequent to filtering, the padded glyphs are stored in the glyph cache. In 
such a pre-cache filtering embodiment, when padded glyphs are output from the glyph 
cache and combined to represent a text string, filtered alpha values corresponding to 
overlapping image portions are summed. The resulting filtered alpha values are 
5 identical to those which would have resulted if the pre-filtering alpha values of 
adjacent character glyphs were combined and then filtered. 

The pre-glyph cache filtering embodiment allows glyphs to be filtered once, 
e.g., prior to storage in the glyph cache with a minimal amount of processing, e.g., 
summing of alpha values, then being required to patch the edges of glyphs which are 
10 combined to form larger images. Thus, the repeated filtering of the entire contents of 
a glyph each time the glyph is output from the glyph cache, is avoided with the 
pre-cache glyph filtering embodiment of the present invention. 

Methods and apparatus for efficiently darkening characters which may 
otherwise appear too light or gray, due to thin stem widths, are also described. The 
15 described methods involve bloating character images of particular fonts with which 
the gray problem due to thin stems is associated. The bloating operation may be 
selectively implemented as part of a filtering look-up table operation. Such an 
approach to resolving the gray character problem avoids the need to modify hinting 
rules or modify the character font file from which the character images are generated. 
20 Additional features, embodiments and benefits of the methods and apparatus 

of the present invention are discussed in the detailed description which follows. 
Brief Description of the Drawings 

FIG. 1 illustrates a known portable computer including a striped LCD display. 
FIG. 2 illustrates a known image sampling method. 
25 FIG. 3 illustrates a known process for rendering and displaying opaque glyphs. 

FIG. 4 illustrates a known process for rendering and displaying opaque glyphs 
which involves the use of a look-up table to perform both a color application and a 
gamma correction operation. 
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FIG. 5 illustrates a known process for rendering and displaying transparent 

glyphs. 

FIG. 6 illustrates a method of sampling and filtering images in accordance 
with an exemplary embodiment of the present invention. 
5 FIG. 7 illustrates a computer system of the present invention which 

implements the display methods and apparatus of the present invention. 

FIG. 8 illustrates various components of the computer system of FIG. 7 in 
greater detail. 

FIG. 9 illustrates sampling and filtering features of the present invention as 
10 applied to a text character string comprising three character images. 

FIG. 10 illustrates the sampling and filtering of a portion of a text character 
illustrated in FIG. 9, in accordance with an exemplary embodiment of the present 
invention. 

FIG. 11 illustrates utilized intermediate alpha value annotation and how 
15 intermediate alpha values relate to the filter output values produced from intermediate 
alpha values. 

FIG. 12 illustrates an image filtering look-up table which can be used to 
perform a filtering operation in accordance with the present invention. 

FIG. 13 illustrates a process of the present invention for rendering and 
20 displaying glyphs, which are filtered as part of the illustrated process, after being 
output from the glyph cache. 

FIG. 14 illustrates a process of the present invention for rendering and 
displaying glyphs, which are filtered as part of the illustrated process, prior to being 
stored in the glyph cache. 
25 FIG. 15 illustrates an image padding operation performed prior to filtering in 

accordance with various embodiments of the present invention. 

FIG. 16 illustrates image edge padding, filtering and post glyph cache 
combining of filtered alpha values from different glyphs in accordance with the 
present invention. 
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FIG. 1 7 illustrates an image bloating rule table of the present invention. 

FIGs. 18-20 illustrate the effect of the image bloating rules included in the 
table of FIG. 17 on various sets of input data. 

FIG. 21 illustrates how the application of the image bloating rules of the 
5 present invention and the image filtering operations of the present invention can be 
implemented through the use of successive look-up tables. 

FIG. 22 illustrates' how the application of image bloating rules and image 
filtering can be performed using a single look-up table. 

FIG. 23 illustrates a process for applying color and performing gamma 
10 blending in an exemplary opaque glyph embodiment of the present invention. 

FIG. 25 illustrates a process for displaying character images which involves 
the use of post glyph cache filtering of character glyphs and the application of a 
gamma correction in alpha space. 

FIG. 26 illustrates a process for displaying character images which involves 
15 the use of pre-glyph cache filtering of character glyphs and the application of gamma 
correction in the alpha color space. 
Detailed Description 

As discussed above, the present invention is directed to methods and apparatus 
for displaying images, e.g., text, on display devices which have multiple controllable 
20 luminance elements, e.g., pixel sub-components, per pixel. 

The present invention treats pixel sub-components as independent luminous 
intensity sources which may be used to represent an image. In accordance with the 
present invention, different portions of a source image, e.g., a high resolution 
representation of a text character, are used to control different pixel sub-comporients 
25 of a pixel. In this manner, improved resolution is achieved when displaying images 
with separately controllable pixel sub-components. While using different portions of 
a source image to control each pixel sub-component of a pixel may introduce some 
color errors since humans are considerably more sensitive to light intensity than color, 
the trade off between increased resolution at the expense of decreased color accuracy 
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can provide significant display benefits. The benefits are particularly noticeable when 
displaying text at small sizes which is frequently the case in hand-held devices and 
portable computer applications. 

FIG. 6 illustrates an exemplary image sampling and filtering method, used in 
5 accordance with one embodiment of the present invention. The sampling and filtering 
process illustrated in FIG. 6 is suitable for use with RGB striped displays, such as the 
vertically striped display represented by grid 630. In grid 630 dark solid lines are 
used to represent pixel boundaries while lighter solid lines are used to represent pixel 
sub-component boundaries. Red, green and blue pixel sub-components 632, 633, 636 
10 of pixel 640 are illustrated in FIG. 6 using medium, dark and light speckling, 
respectively. 

In FIG. 6, the grid 620 represents a source image, e.g., a scaled, hinted, 
foreground/background color representation of a text character. The source 
image 620 has been divided into 9 segments source image pixel segments 

15 corresponding to 3 rows 1 R(N), R(N+1), R(N+2) and 3 columns C(N), C(N+1), 
C(N+2). The three segments in row (N) are identified by reference numerals 622, 
623, 624. Each one of the 9 source image pixel segments is a source image portion 
which is proportional in size to one display pixel, e.g., pixel 640, of the display screen 
represented by grid 630. For purposes of illustration, each source image area is 

20 divided into three regions separated by long dashed lines used to represent the 
location of pixel sub-component boundaries in each source image pixel segment. 
Smaller dashed lines are used to divide each source image pixel sub-component 
segment into two sections for purposes of source image sampling. 

In accordance with the present invention, each one of the source image 

25 segments 622, 623, 624 is over-sampled in the direction perpendicular to the RGB 
striping. In the FIG. 6 embodiment, the source image is over-sampled at a rate of 6x 
in the direction perpendicular to the striping, e.g., the horizontal direction, and at a 
rate of lx in the direction parallel to the striping, e.g., the vertical direction. Thus, as 
illustrated in FIG. 6, 6 samples are generated per source image pixel area. Other 
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sampling rates are also possible, e.g., sampling at 3n times in the horizontal direction 
and 1 times in the vertical direction could be used, where n is n is an integer, e.g., 2. 

Unlike the known image sampling and filtering process illustrated in FIG. 4, 
which uses the same set of samples to control each of the pixel sub-components of a 
5 pixel, the present invention uses different source image portions and thus sets of 
source image samples, to control each pixel sub-component of the display screen 630. 
For example, in the FIG. 6 embodiment, six samples centered horizontally about the 
location of each pixel sub-component to be controlled, are used to generate each pixel 
sub-component luminous intensity value. Since the centers of each of the red, green 

10 and blue pixel sub-components 632, 633, 634 are displaced from one another, the sets 
of samples used to control these pixel sub-components are also displaced from one 
another. Accordingly, the sampling and filtering techniques of the present invention 
used to generate pixel sub-component luminous intensity values may be described as 
displaced sampling with filtering. 

15 In FIG. 6, the brackets 626, 627, 629 and arrows extending therefrom 

represent the filtering of image samples to produce a value used to control the pixel 
sub-component to which the arrow leads. For example, in the FIG. 6 illustration, 
bracket 626, and the arrow leading .therefrom, is used to indicate the filtering of the 6 
samples used to control the red pixel sub-component 632. Bracket 627 and the arrow 

20 leading therefrom is used to indicate the filtering of the 6 samples used to control the 
green pixel sub-component 632. In addition, bracket 629, and the arrow leading 
therefrom, is used to indicate the filtering of the 6 samples used to control the blue 
pixel sub-component 632. In accordance with the present invention, the filtering may 
be a simple box filtering operation implemented, e.g., by summing the value of the six 

25 samples being filtered. 

Note that in the FIG. 6 embodiment, the filtering associated with the red and 
blue pixel sub-components 632, 634 depends on source image portions which 
neighbor source image pixel segment 623. Thus, unlike the known system illustrated 
in FIG. 4 where anti-aliasing filtering is limited to within a source image pixel 
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segment, filtering implemented in accordance with the present invention extends 
across source image pixel segment boundaries. As will be discussed below, this can 
complicate the process of combining cached glyphs to form larger images, e.g., text 
strings, since filtering for red and blue pixel sub-components, in one embodiment of 
5 the present invention, depends on the content of adjacent source image pixel areas. 

FIG. 7 and the following discussion provide a brief, general description of an 
exemplary apparatus in which at least some aspects of the present invention, including 
the sampling and filtering illustrated in FIG. 6, may be implemented. Various 
methods of the present invention will be described in the general context of 

10 computer-executable instructions, e.g., program modules, being executed by a 
computer device such as a personal computer. Other aspects of the invention will be 
described in terms of physical hardware such as. e.g., display device components, 
image rendering hardware, and display screens. 

The methods of the present invention may be affected by other apparatus than 

15 the specific described computer devices. Program modules may include routines, 
programs, objects, components, data structures, etc. that perform task(s) or implement 
particular abstract data types. Moreover, those skilled in the art will appreciate that at 
least some aspects of the present invention may be practiced with other 
configurations, including hand-held devices, multiprocessor systems, 

20 microprocessor-based or programmable consumer electronics, network computers, 
minicomputers, set top boxes, mainframe computers, displays used in, e.g., 
automotive, aeronautical, industrial applications, and the like. At least some aspects 
of the present invention may also be practiced in distributed computing environments 
where tasks are performed by remote processing devices linked through a 

25 communications network. In a distributed computing environment, program modules, 
routines and data, e.g., character font file, may be located in local and/or remote 
memory storage devices. 

FIG. 7 illustrates an exemplary apparatus 700 for implementing at least some 
aspects of the present invention. The apparatus 700 includes a general purpose 
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computing device, e.g., a portable personal computer 720. The personal computer 
720 may include a processing unit 721, a system memory 722, and a system bus 723 
that couples various system components including the system memory to the 
processing unit 721. The system bus 723 may be any of several types of bus 
5 structures including a memory bus or memory controller, a peripheral bus, and a local 
bus using any of a variety of bus architectures. The system memory 722 may include 
read only memory (ROM) 724 and/or random access memory (RAM) 725. A basic 
input/output system 726 (BIOS), including basic routines that help to transfer 
information between elements within the personal computer 720, such as during 

10 start-up, may be stored in ROM 724. The personal computer 700 may also include a 
hard disk drive 727 for reading from and writing to a hard disk, (not shown), a 
magnetic disk drive 728 for reading from or writing to a (e.g., removable) magnetic 
disk 729, and an optical disk drive 730 for reading from or writing to a removable 
(magneto) optical disk 73 1 such as a compact disk or other (magneto) optical media. 

15 The hard disk drive 727, magnetic disk drive 728, and (magneto) optical disk 
drive 730 may be coupled with the system bus 723 by a hard disk drive interface 732, 
a magnetic disk drive interface 733, and a (magneto) optical drive interface 734, 
respectively. The drives and their associated storage media provide nonvolatile 
storage of machine readable instructions, data structures, program modules and other 

20 data for the personal computer 720. Although the exemplary environment described 
herein employs a hard disk, a removable magnetic disk 729 and a removable optical 
disk 73 1, those skilled in the art will appreciate that other types of storage media, such 
as magnetic cassettes, flash memory cards, digital video disks, Bernoulli cartridges, 
random access memories (RAMs), read only memories (ROM), and the like, may be 

25 used instead of, or in addition to, the storage devices introduced above. 

A number of program modules may be stored on the hard disk 727, magnetic 
disk 728, (magneto) optical disk 731, ROM 724 or RAM 725, such as an operating 
system 735, one or more application programs 736, other program modules 737, 
and/or program data 738 for example. As will be discussed below, the operating 
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system 735 may include character font files which include high resolution 
representations of characters and one or more gnat tables which include character 
stem width control information. A user may enter commands and information into the 
personal computer 720 through input devices, such as a keyboard 740 and pointing 
5 device 742 for example. 

Additional input devices (not shown) such as a microphone, joystick, game 
pad, satellite dish, scanner, or the like may also be included. These and other input 
devices are often connected to the processing unit 72 1 through a serial port interface 
746 coupled to the system bus. However, input devices may be connected by other 
10 interfaces, such as a parallel port, a game port or a universal serial bus (USB). Liquid 
crystal display device 754 or another type of display device, e.g., a CRT display, may 
also be connected to the system bus 723 via an interface, such as a video adapter 748 
for example. 

In addition to the display 754, the personal computer 720 may include other 
15 peripheral output devices (not shown), such as speakers and printers for example. 

The personal computer 720 may operate in a networked environment which 
defines logical connections to one or more remote computers, such as a remote 
computer 749. The remote computer 749 may be another personal computer, a server, 
a router, a network PC, a peer device or other common network node, and may 
20 include many or all of the elements described above relative to the personal computer 
720, although only a memory storage device 750 has been illustrated in FIG. 7. The 
logical connections depicted in FIG. 7 include a local area network (LAN) 751 and a 
wide area network (WAN) 752, an intranet and the Internet. 

When used in a LAN, the personal computer 720 may be connected to the 
25 LAN 75 1 through a network interface adapter (or "NIC") 753. When used in a WAN, 
such as the Internet, the personal computer 720 may include a modem 754 or other 
means for establishing communications over the wide area network 752. The 
modem 754, which may be internal or external, may be connected to the system 
bus 723 via the serial port interface 746. In a networked environment, at least some 
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of the program modules depicted relative to the personal computer 720 may be stored 
in a remote memory storage device. The network connections shown are exemplary 
and other means of establishing a communications link between the computers may 
be used. 

5 FIG. 8 illustrates the relationship between various hardware and software 

components 800 including application program 736, operating system 735, video 
adapter 748 and display device 754, of the system 700. 

In the illustrated embodiment, operating system 735 includes a graphics 
display interface (GDI) 801 . The GDI 801 includes a glyph cache controller 820, type 

10 rasterizer 802, glyph cache 822, glyph display routines 824, and display buffer 825. 
The arrows leading to and from the display buffer 825 and glyph display routines 824 
indicate that data can be written to and read from the display buffer 825. 

The text output of application 837 includes information identifying the content 
of a text string, e.g., the sequence of characters included therein, in addition to 

15 character font and point size information. The text output information 837, generated 
by application 736, may also include character positioning information, e.g., angling 
or spacing information, and/or foregroundtoackground color information. The 
character positioning information and/or foregroun<M>ackground color information is 
supplied to the glyph display routines 824. 

20 The glyph cache controller 820 is responsible for managing the content and 

output of the glyph cache 822. The glyph cache controller 820 receives the text 
output information 837 including the character, font and point size information. The 
controller 820 determines if a character to be displayed is already stored in the glyph 
cache 822. 

25 If a character glyph corresponding to a character to displayed at a specified 

point size is already stored in the glyph cache 822, the glyph cache controller 820 
controls the glyph cache 822 to output the corresponding character glyph. The 
character glyph is supplied to the glyph display routines 824, which are responsible 
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for combining individual glyphs into a larger image for display purposes and applying 
foreground/background color selections. 

However, if a character glyph corresponding to a character to be displayed at a 
specified point size is not already stored in the glyph cache 822, the glyph cache 
5 controller 820 provides the character, font and point size information to the type 
rasterizer 802. 

The type rasterizer 802 is responsible for generating a character glyph from 
the received information. 

The type rasterizer 802 includes a set of high resolution digital representations 

10 of characters 805; a GASP table 803, including character stem width control 
information; and a set of rendering and rasterization routines 807. The digital 
representation of characters 805 may include font files which include scalable outline 
representations of characters and character spacing information. The character 
outlines may be expressed in the form of lines, points, curves and/or arcs. Portions of 

15 a character within a character outline represent foreground image areas while portions 
outside the character outlines, e.g., the area between characters, represent background 
image areas. 

The GASP table 803 includes information which indicates the display point 
size at which stem weights for a stored font should transition from one to two pixels 
20 in width. As will be discussed below, this table, in some embodiments, is used to 
determine which characters should have their stem widths increased, e.g., bloated, 
under certain conditions discussed below. 

The set of rendering and rasterization routines 807 includes scaling, hinting 
and scan conversion subroutines 808, 810, 812 as well as a color compensation 
25 sub-routine 870. 

Scaling sub-routine 808 is responsible for scaling the outline representations 
of the characters to be rendered. This is done, in accordance with the present 
invention, as a function of pixel pattern and/or direction of display striping. For 
example, in the exemplary embodiment, the outline representations of the characters 
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to be rendered are scaled at a rate perpendicular to the direction of striping at a rate 
which is an integer multiple of the rate of scaling in the direction of striping. 

Hinting sub-routine 810 is responsible for adjusting the shape and/or position 
of character outlines. Hinting is performed as a function of display device 
5 characteristics and takes into consideration the position, shape, type and/or 
arrangement of pixel sub-components which comprise the display 754. 

Scan conversion sub-routine 812 is responsible for generating a bitmap 
representation, e.g., a character glyph, from the hinted outline representation produced 
by the hinting sub-routine 312. The scan conversion operation involves sampling the 

10 hinted outline image representation and then, optionally, filtering the sampled image 
values prior to storage in the glyph cache. An optional filter routine 813 is illustrated 
using dashed lines as part of the scaling routine 812. As will be discussed below, 
filtering 813 may be performed as part of the glyph display routines 824 when it is not 
performed prior to generated glyphs being placed in the glyph cache 822. In 

15 accordance with the present invention, character glyphs may be represented as sets of 
sampled alpha values or, alternatively, filtered alpha values corresponding to red, 
green and blue pixel sub-components of individual pixels. In addition to the alpha 
value information generated character glyphs may include character spacing 
information such as one or more side bearing points. In cases where filtering is 

20~ applied prior to glyph caching, the three filtered alpha values per pixel may be stored 
in a compressed format. 

The character glyphs generated by the type rasterizer 805 are stored in the 
glyph cache 822 prior to being output under the direction of the glyph cache controller 
820. In this manner, the glyph cache serves as a repository for character glyphs. 

25 The glyph display routines 824 are responsible for processing character glyphs 

output by the glyph cache 822. The routines 824 combine the received glyphs into 
larger images, e.g., images of text strings, and apply foreground^background color 
selections. The glyph display routines 824 may also filter all or parts of the larger 
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image generated from the character glyphs, e.g., prior to the application of 
foregroundftackground color selections. 

The glyph display routines 824 include different routines for processing 
opaque and transparent glyphs. In the case of opaque glyphs, foreground and 
5 background color selections are applied uniformly to the entire image being 
generated, i.e., set foreground and background colors are applied. In the case of 
transparent glyphs, a uniform foreground color is applied and a background image, 
e.g., a previously displayed image, is used to provide the background color. 

In the case of transparent glyphs, background color information is normally 
10 obtained from the display buffer 825. 

Through the application of foregrounc^ackground color selections, gamma 
correction processes and various filtering operations, the glyph display routines 824 
generate R, G, B pixel sub-component luminous intensity values which represent the 
characters to be displayed. The generated R, G, B luminous intensity values are 
15 stored in the display buffer 825, in memory locations corresponding to the pixel 
sub-components of the display device 754, which are to be controlled by the stored 
values. 

Periodically, the values stored in the display buffer 825 are supplied to the 
display, adapter 748. The display adapter 748 processes the received luminous 
20 intensity values and converts them into a signal format which is supported by the 
display device 754. In response to receiving signals from the display adapter 748, the 
display device 754 displays the text characters corresponding to text output 837. 

The generation of text strings from cached character glyphs represented using 
alpha values, is complicated by the applied filtering of the present invention which is 
25 allowed to span across pixel, and thus character glyph, boundaries. As a result of the 
applied filtering, luminous intensity values of pixels located along glyph boundaries 
depend on the content of the neighboring character glyph. 

Consider for example the case of combining character glyphs corresponding to 
the letters d, o, g to form the word "dog" as illustrated in FIG. 9. In FIG. 9, box 902, 



WO 01/101 12 



PCT/USOO/20663 



-22- 

represents the character glyph for the letter "d", box 903 represents the character 
glyph for the letter "o" and box 904 represents the character glyph for the letter "g". 
While the characters are shown in FIG. 9, each character glyph would, in actuality, be 
represented by a set of alpha values. Solid lines indicate pixel boundaries while 
5 dashed lines are used in FIG. 9 to indicate sub-pixel boundaries. Boxes 910, 912, 914 
illustrate the horizontal location of the box filters used in accordance with the present 
invention to filter the alpha values used to generate the R, G, and B pixel 
sub-component luminous intensity values of a first pixel located along the left side of 
the vertical o-g glyph boundary. Box filters 910, 912, 914 are illustrated as being 

10 vertically displaced for purposes of illustration. In the exemplary embodiment, 
displacement of the box filters 910 through 924, which are used for horizontally 
adjacent image areas, occurs in the horizontal but not the vertical image direction. 
Box filters 920, 922, 924 are used for filtering a pixel located on the right side of a 
vertical o-g glyph boundary plane. 

15 Note how the output of the red box filter 910 depends on the alpha values 

from the source image segment adjacent, and to the left of, the pixel image segment to 
which the red pixel sub-component corresponds. Also note how the output of the blue 
box filter 914 depends on the alpha values from the source image pixel segment to the 
right of the pixel image segment to which the blue pixel sub-component corresponds. 

20 In the case where character images are not separated horizontally by at least one pixel 
sub-component of background color space (equivalent to 2 samples in the case of 
over-sampling by 6), bleeding of the color from the neighboring character glyph into 
the adjacent character glyph will occur for pixels along the glyph boundary where the 
character images touch. 

25 The effect of adjacent source image portions located across pixel 

boundaries, in the case of over-sampling by 6 and the use of box filters 6 samples 
wide, is apparent in the example shown in FIG. 10. FIG. 10 illustrates the application 
of sampling and filtering in accordance with the present invention, as applied to image 



WO 01/10112 



PCT/USOO/20663 



-23- 

segment 930 which includes four adjacent source image pixel segments 932, 934, 
936, 938. 

In accordance with the present invention, source image segments 932, 934, 
936, 938 are each over-sampled by a factor of 6 to produce a set of 6 samples per 
5 source image pixel segment. Row 1002 of FIG. 10, illustrates, directly below each 
source image segment, the values of the samples obtained from the corresponding 
source image segments. For example, sample values (0,0,0,0,0,0) are obtained by 
sampling source image segments 932, 936 and 938 while sample values (0,0,1,1,1,1) 
are obtained by sampling source image segment 934. 

10 In many embodiments, pairs of individual samples are summed to form a set 

of intermediate alpha values, 3 per source image pixel segment area. The summing of 
pairs of alpha values is done for purposes of computational and storage efficiency. It 
also permits the intermediate alpha values to be generated in a font driver while 
filtered alpha values are generated by the graphics display interface 801, The 

15 separation of the generation of the intermediate alpha values and filtered alpha values 
allows a font driver to be generated without concern or knowledge of how the GDI 
801 generates filtered alpha values. 

The intermediate alpha values corresponding to each source image pixel 
segment is shown in FIG. 10 in row 1004 directly below the corresponding source 

20 image pixel segment area. As illustrated intermediate alpha values (0,0,0) are 
generated from source image pixel segment areas 932, 936 and 938 while 
intermediate alpha values (0, 2, 2) are generated from source image pixel segment 
934. 

In accordance with the present invention, box filtering is applied to the 
25 intennediate alpha values as represented by the brackets generally indicated by 
reference numeral 1006. The box filtering produces filtered alpha values at a rate of 
one filtered alpha value per pixel sub-component which, in the exemplary 
embodiment, is three alpha values per pixel, i.e., one for each of the R, G, and B pixel 
sub-components of a pixel. 
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The alpha values for the R, G and B pixel sub-components of two adjacent 
pixels 1034, 1036 are shown in row 1008. In row 1008, it can be seen that the R, G, 
B (filtered) alpha values for pixel 1034 are 2, 4, 4, respectively. In addition, it can be 
seen that the R, G, B alpha values for pixel 1038 are 2, 0, 0, respectively. 
5 The effect of neighboring source image pixel segments on the alpha values 

generated for pixel 1038 are apparent from a review of the R alpha value which is 2. 
This value is the result of using the right most intermediate alpha value corresponding 
to neighboring source image pixel segment 934 when calculating the R alpha value 
for pixel 1038. The effect of neighboring foreground colored image segments on the 
10 generated R and B alpha values can be described as color leakage or color bleeding. 

As discussed above, color leakage complicates the filtering process since the 
filtering process is dependent on neighboring source image pixel segments which may 
belong to a different character glyph. Color leakage does not occur when the portion 
of the neighboring source image pixel segment, which is used during filtering, 
15 corresponds to the background color, i.e., has sample values of 0. This can be seen by 
examining the R, G, B alpha values of pixel 1034, which are unaffected by the 
background colored neighboring source image pixel segments 932, 936. 

From the above discussion it becomes apparent that pixels located adjacent 
character glyph boundaries may be subject to color leakage to the extent that the 
20 filters used extend beyond character glyph boundaries. Given the filtering used in the 
exemplary embodiment, which extends one pixel sub-component over character glyph 
boundaries, assuming non-overlapping character glyphs, it is pixels located 
immediately adjacent a character glyph boundary which may be subject to the effect 
of color leakage across the character glyph boundary. Thus, only the two stripes, e.g., 
25 the first and last vertical pixel stripe, of adjoining character glyph may be subject to 
the effect of color leakage across pixel boundaries. 

In the FIG. 9 illustration, color leakage will occur at the vertical intersection of 
the o and g character glyphs 903, 904 at the point where the o and g character outlines 
abut the glyph boundary. However, at portions of the vertical intersection of the 0 
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and g charter glyphs 903, 904, where there is at least a pixel sub-component sized 
portion of background color on each size of the glyph boundary, no color leakage will 
occur. 

The filtering technique of the present invention and the potential for color 
5 leakage will now be discussed with reference to FIG. 1 1 . 

FIG. 11 illustrates in row 1101, intermediate alpha values corresponding to 
three source image pixel segments 1102, 1106, 1108. As discussed above, the three 
intermediate alpha values include a R, a G, and a B pixel sub-component intermediate 
alpha value, for each source image pixel segment. 

10 FIG. 1 1 also illustrates, through the use of brackets generally indicated by the 

reference numeral 1104, block filtering performed to generate each of three filtered 
alpha values illustrated in row 1 106. The three filtered alpha values include a R, a G 
and a B filtered alpha value corresponding to the red, green and blue pixel 
sub-components, respectively, of a current pixel. 

15 Because of the implemented filtering, the filtered alpha values generated for 

each pixel depend on the intermediate alpha values corresponding to a current. source 
image pixel segment, one intermediate alpha value from a preceding source image 
pixel segment and one intermediate alpha value from a subsequent source image pixel 
segment. 

20 In FIG. 1 1, the small letter k is used to represent intermediate alpha values, 

while the large letter K is used to represent a filtered unnormalized alpha value. 
Subscripts R, G, and B are used to indicate the pixel sub-component to which the 
illustrated intermediate or filtered alpha value corresponds. The superscript (P) is 
used to indicate a value corresponding to a preceding source image pixel segment, the 

25 superscript (C) is used to indicate a value corresponding to a current source image 
pixel segment and the superscript (S) is used to indicate a value corresponding to a 
subsequent source image pixel segment. In addition, the superscript (F) is used to 
further indicate a filtered alpha value produced by the filtering operation of the 
present invention. 
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The filtering performed in accordance with the present invention may be 
expressed as follows: 

K R (F) = kB (P) + k R < C) + k G (C) 

5 K G (F > = k R (C > + k G (C > + k B (C) 

K B < F > = k G < c > + k B (C) + k R (S) 

Thus, in accordance with the present invention, the set of three filtered alpha 
values per pixel is generated from a set of 5 intermediate alpha values. 

10 Given that there are a limited number (3 5 ) of possible input alpha value 

combinations, it is possible to pre-compute the set of filtered output values that will 
result from each set of possible intermediate alpha value coefficients. In one 
embodiment, the computations are made and the resulting filtered output values are 
stored in a look-up table which is used to implement the filtering operation of the 

15 present invention. Thus, the filtering computations -need not be performed repeatedly 
in real time for each image being displayed. 

An image filtering look-up table 1200, implemented in accordance with the 
present invention, is illustrated in FIG. 12. The look-up table 1200 receives as its 
input the five intermediate alpha values (k B (F) , k R (C) , kc (C) , k B tC) , K R (S) ) required to 

20 generate a set of R, G, and B filtered alpha values. The five input values are used as 
an index into the look-up table 1200 to locate a corresponding set of filtered alpha 
values (K R (F) , Kc (F) , K B (F) ) which are then output by the look-up table 1200. 

Because the filtering operations used to generate the R, G and B filtered alpha 
values are not completely independent, only 115 different output combinations of 

25 filtered alpha values may occur. Accordingly, it is possible to represent a set of three 
filtered alpha values associated with a pixel as a single value in the range of 0-114. 
By using a value in the range of 0-1 14 to represent 3 filtered alpha values lossless data 
compression is achieved. Significantly, the values 0-114 can be represented using 
only 8 bits as opposed to 9 bits that would be needed to individually represent three 
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district filtered alpha values each capable of assuming a value in the range 0-6. In 
embodiments which cache filtered alpha values, as will be discussed below, the 3 
filtered alpha values for each pixel are represented in a compressed format as a 
number in the range of 0-114. Filtered alpha value compression and decompression 
5 can be implemented through the use of a look-up table. In fact, in embodiments 
where data compression is used, the image filtering look-up table may output a single 
value CK (F) representing, in compressed form, the 3 filtered alpha values Kr (F) , Kg (F) , 
K B (F) . The line exiting look-up table 1200 and terminating in the symbol CK (F) is 
shown using a dotted line to indicate that it is an alternative to the look-up table 1200 

10 separately outputting 3 filtered alpha values. 

The present invention supports two general filtering embodiments, a first 
filtering embodiment which involves the application of the above described filtering 
subsequent to the caching of character glyphs and the second filtering embodiment 
supporting filtering of glyphs prior to the caching of character glyphs. 

15 The first filtering embodiment involves performing the intermediate alpha 

value filtering discussed above, subsequent to the output of glyphs from a glyph cache 
and the combining, e.g., concatenation, of glyphs to form larger images, e.g., text 
strings. In such post cache filtering embodiments, glyphs are represented in the glyph 
cache as intermediate alpha value information. In the post cache filtering 

20 embodiment color leakage across glyph boundaries does not present a problem at - 
filtering time. This is because, in such embodiments, glyphs are represented using 
intermediate alpha value information and are concatenated prior to filtering. Thus, by 
the time filtering is performed, the intermediate alpha values located adjacent glyph 
boundaries are defined and available for use during the filtering process. 

25 FIG. 13 illustrates an exemplary character display process 1300 of the present 

invention which involves post glyph cache filtering. As illustrated the process 1300 
begins with the sampling of an image in step 1302, e.g., at a rate of 6 samples per 
source image pixel area in the horizontal direction. Each pair of source image 
samples are summed as part of the FIG. 13 sampling step 1302 to produce 3 



WO 01/10112 



PCT/US00/2O663 



-28- 

intermediate alpha values 1304 per source image pixel area. The intermediate alpha 
values representing the sampled character image are then stored as part of a character 
glyph in the glyph cache 1306. 

In response to the receipt of a glyph identifier, e.g., from the glyph controller 
5 820, the font glyph cache 1306 outputs the stored glyph corresponding to the received 
identifier. The glyph is supplied to step 1308 wherein the data from sequentially 
received character glyphs is combined to form larger images, e.g., text strings, as a 
function of glyph location information which may be from, e.g., the application 
displaying text or from the glyph cache controller 820. 

10 The combination of glyph image data may be accomplished by writing the 

data, e.g., alpha values, from each received glyph into a buffer as a function of glyph 
location and/or character spacing information. The utilized buffer includes a plurality 
of memory locations corresponding to pixel or pixel sub-component locations. Data 
from a subsequently received glyph which corresponds to the same image portion of a 

15 previously received glyph, e.g., an overlapped image portion, can be allowed to 
overwrite the data from the previously received glyph which corresponds to the same 
image portion. Alternatively, alpha values from multiple glyphs corresponding to the 
same image portion may be combined to form one alpha value for the image portion 
which is then stored in the buffer. The buffered data representing the constructed 

20 multi-glyph image is output to step 1310. 

The image data output by step 1308, representing multiple glyphs, is filtered in 
step 1310 using box filters, in the manner described above in regard to FIG. 11. 
Alternatively, they may be filtered using any linear filters which do not span more 
than 3 full pixels. The filtering performed in step 1310 generates 3 filtered alpha 

25 values per pixel, i.e., one filtered alpha value for each the R, G, and B pixel 
sub-components of a pixel. Since glyphs are combined prior to the application of 
filtering, the correct data is available for both sides of a glyph boundary at the time 
filtering is applied in the FIG. 1300 process. 
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The filtered alpha values are supplied to step 1312 wherein 
foreground/background color is applied and gamma correction processing is 
• performed. As will be discussed below, the particular method by which this step is 
performed depends on whether transparent or opaque fonts are being applied. 
5 Once foregroundtoackground color is applied to the filtered alpha values using 

color blending techniques, and gamma correction is performed, the resulting gamma 
corrected R, G, and B luminous intensity values are stored in the display buffer 1314 
for use in controlling the output of display device 754. 

While the first filtering embodiment, which involves post-cache filtering, is 
10 relatively straight forward to implement, it has the disadvantage of requiring that 
glyphs be filtered each time they are output from the glyph cache 1306, i.e., each time 
they are going to be displayed. 

As discussed above, the second filtering embodiment of the present invention 
supports filtering of glyphs prior to caching. An exemplary character display process 
15 1400 of the present invention which involves pre-cache glyph filtering is illustrated in 
FIG. 14. 

In such embodiments, since glyphs are filtered prior to caching, filtered alpha 
value information is stored in the glyph cache in compressed or uncompressed form, 
as opposed to intermediate alpha value information. Notably, the intermediate alpha 

20 value filtering of the present invention is color independent since it is performed in 
the alpha space prior to the application of foregroundfoackground colors. 
Accordingly, filtering need not be repeated even if the utilized 
foregrouncybackground colors are changed. This fact, combined with the glyph edge 
padding and post cache processing techniques of the present invention, discussed 

25 below, allow pre-glyph cache glyph filtering to be employed. 

Pre-cache glyph filtering has several advantages over post-cache filtering. 
First, filtering of the entire character glyph is not repeated each time the character 
glyph is incorporated into a new text string. Thus, processing requirements are 
reduced as compared to systems which filter entire images formed from cached 
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glyphs each time a new image is generated. Second, when text is rendered at an angle, 
the entire image which includes the angled text, need not be filtered. Thus, 
processing can be reduced by eliminating the need to filter non-text background 
portion of images which include angled text. 
5 Character glyphs are filtered independent of one another in the pre-cache 

filtering case. Accordingly, in such an embodiment, it is not possible to take into 
consideration the effect of neighboring character glyphs on the edges of the glyphs 
being filtered at filtering time. Thus, while pre-cache filtering of character glyphs is 
attractive for the above discussed reasons, color leakage along character edges 
10 presents a problem. 

In accordance with one feature of the present invention, pre-cache glyph 
filtering of character glyphs is employed with post cache processing of pixels 
immediately adjacent vertical glyph edges to take into consideration color leakage 
across glyph boundaries. 
15 The process 1400 is exemplary of a display process which uses pre-cache 

filtering of character glyphs followed by post cache processing of pixels along vertical 
edges to take into consideration color leakage across glyph boundaries. 

As illustrated in FIG. 14, the process 1400 begins with the sampling of an 
image in step 1402, e.g., at a rate of 6 samples per source image pixel segment in the 
20 horizontal direction. Each pair of source image samples is summed as part of the 
sampling process. Thus, the six samples per image source area produce 3 
intermediate alpha values 1404 per source image pixel area. The intermediate alpha 
values representing the sampled character are then processed in step 1406. 

In step 1406, each scan line, e.g., the data corresponding to a row of pixels, is 
25 sampled and analyzed to determine if there will be color leakage into a neighboring 
glyph as a result of content of the scan line and the filtering, e.g., box filtering of 
intermediate alpha values, employed at the edges of the scan line. Padding of the scan 
lines of a glyph is then selectively applied by adding a set of data representing a 
background colored pixel (all pixel alphas = 0) to the vertical edge of the glyph on the 
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side or sides where color leakage will occur. When no color leakage will occur from 
a side of a glyph padding is not needed. Accordingly, in one embodiment padding is 
not performed on sides of glyph from which there will be no color leakage. 

As an alternative to analyzing the character glyph to detect edge points where 
5 color leakage will occur into a neighboring character glyph and selectively padding 
the edges, both vertical edges of a character glyph can be padded, e.g., with a column 
of background colored pixels. While this approach eliminates the need to analyze the 
content of character edges, it increases the amount of post cache edge processing 
since an entire row of pixels on each side of a glyph edge will have to be processed 
10 for each vertical character glyph edge as opposed to only those edges where color 
leakage occurs. 

By reviewing the above described box filtering formulas, it is clear that when 
these formulas are applied 1) leakage to the left of a vertical glyph edge occurs only 
when an unfiltered image has a non-zero red pixel sub-component alpha value in the 

15 left most pixel of a scan line; and 2) leakage to the right of a vertical glyph edge 
occurs only when an unfiltered image has a non-zero blue pixel sub-component alpha 
value in the right most pixel of a scan line. 

Accordingly, in the selective padding embodiment, padding is applied to the 
left of a glyph's scan lines when the first alpha value of any one of the scan lines, e.g., 

20 the red pixel sub-component alpha value of the left most pixel, has a non-zero value. 
In addition, padding is applied to the right of a glyph's scan lines when the last alpha 
value in any one of the scan lines, e.g., the blue pixel sub-component alpha value of 
the right most pixel, has a non-zero value. Absent the occurrence of one or both of 
these two padding cases, the scan lines of a character glyph are not padded in the 

25 selective padding embodiment. 

Notably, in the selective padding embodiment, approximately 80% of 
commonly used character glyphs require no padding at the text display sizes 
commonly used in handheld computing devices. 
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Padding is accomplished in step 1406 by adding to the character glyph data 
representing each row of pixels, at least one intermediate alpha value representing a 
background colored pixel sub-component. However, to facilitate processing at a pixel 
level, three intermediate alpha values (0, 0, 0) corresponding to a background colored 
5 pixel are normally added, as required in the selective padding embodiment, at the start 
and/or end of each row depending on whether the left edge, right edge, or both edges 
of the character glyph are to be padded. 

FIG. 15 illustrates the padding of character glyph 903 to add a background 
colored region one pixel wide to each side of the character glyph. As illustrated, the 
10 character glyph 903 is originally two pixels wide, as indicated by the horizontal area 
indicated by bracket 1500, and does not include a one pixel wide background color 
border on either the left or right side of the character glyph. As a result of padding 
character glyph 903 in step 1406, a one pixel wide background border 1502 is added 
to the left of the character glyph 903 and a one pixel wide background border 1504 is 
15 added to the right of character glyph 903. Thus, the character glyph is transformed 
from being 2 pixels wide to being 4 pixels wide for purposes of pre-cache filtering. 

In accordance with the present invention, character size and spacing 
information, e.g., side bearing point and advanced width values, included in the 
character glyph data, are not changed as part of the padding operation. Thus, columns 
20 of pixels which are added via the padding operation will overlap pixels of character 
glyphs which are placed next to the padded character glyph. As will be discussed 
below, this means that two filtered alpha values will exist for each pixel 
sub-component where a character glyph overlap occurs due to padding. In 
accordance with the present invention, filtered alpha values corresponding to 
25 overlapping portions of a glyph are summed as part of the processing in step 1416. 
That is, overlapping R, G, B pixel sub-component filtered alpha values are summed 
(in step 1416) together to produce the filtered alpha values which are used to represent 
the image or the whole character string. 
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The character glyph alpha values output by step 1406 are filtered in step 1408 
to generate R, G, and B pixel sub-component filtered alpha values, i.e., three filtered 
alpha values per pixel. To reduce data storage requirements, the three alpha values 
per pixel are compressed in step 1409 to a single compressed value in the range of 
5 0-114. 

Data compression in step 1409 may be implemented using a look-up table 
having 3*5=243 entries, each entry including a number from 0-114 which uniquely 
represents the one of the possible filtered alpha value triplets to which the entry 
corresponds. Thus, for each alpha value triplet input to the look-up table a 

10 compressed value in the range of 0-114 is output. As discussed above, one 
compressed value is generated for each pixel. A compressed value of 0 indicates that 
a pixel is a background color pixel. 

The compressed value, generated for each pixel, which represents in 
compressed form, 3 filtered alpha values, is stored as part of the filtered character 

15 glyph in the font glyph cache 1410. While the filtering and data compression steps 
1408, 1409 are illustrated as separate operations, they can be implemented as a single 
look-up operation using the image filtering look-up table 1200 which can output, in 
response to intermediate alpha value inputs, a single compressed value CK (F) , 
representing three filtered alpha values. 

20 Having described the glyph generation and storage portion of display process 

1400, the glyph display phase will now be described. 

The glyph display phase begins with the receipt of a glyph identifier by the 
font glyph cache 1410. In response, the font glyph cache 1410 outputs the stored 
glyph, e.g., the compressed values, corresponding to the received identifier. The 

25 glyph is supplied to step 1412 wherein the data from sequentially received character 
glyphs is combined to form larger images, e.g., text strings, as a function of glyph 
location information which may be from, e.g., the glyph cache controller 820. 

Step 1412 includes two sub-steps, sub-step 1414 and sub-step 1416. Sub-step 
1414 involves the writing of the glyphs received from the glyph cache 1410 into a 
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buffer as a function of the received glyph location information and/or character 
spacing information included in the received glyphs. Sub-step 1416 involves the step 
of processing overlapping image data resulting from the combining of multiple glyphs 
according to the supplied character spacing information. In step 1416, filtered alpha 
5 values corresponding to overlapping image locations are summed to produce the 
filtered alpha values used in the combined image for the overlapping image locations. 

The buffer used for combining glyphs may be part of memory 722 and is large 
enough to store an entire set of compressed values for a string of glyphs which is 
currently being processed. Memory locations in the buffer correspond to pixel 

10 display screen locations. The buffer memory locations are initialized to 0 each time a 
string of glyphs is being processed for display. Accordingly, prior to writing glyph 
data into the buffer, the buffer memory contents are all set to background values (0)'. 

As glyph data is received, the compressed values corresponding to each pixel 
are written into the buffer at the memory location corresponding to the pixel to which 

15 the compressed value corresponds. Prior to writing a compressed value into a 
memory location, the contents of the location are examined. If the contents are zero, 
the compressed value is written into the corresponding buffer memory location. 
However, if the contents are non-zero, indicating an overlap in glyphs, further 
processing is required. 

20 As subsequent glyphs are received from the glyph cache, overlapping portions 

of glyphs may be encountered. This will result in the accessing of non-zero buffer 
memory locations. A non-zero memory location content indicates that a compressed 
value corresponding to a previously received glyph is already stored in the memory 
location and that there is a glyph overlap. 

25 In the case of a glyph overlap, the contents, e.g., compressed value stored in 

the memory location to which the current glyph value was to be written, is 
decompressed to produce three filtered alpha values corresponding to a pixel. In 
addition, the compressed value, corresponding to the most recently received glyph, 
that was to be written into the memory location, is decompressed. The decompression 
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steps are performed using an inverse look-up table which, in response to an input of a 
value in the range of 0-115, produces three filtered alpha values. 

The three alpha values of the previously received glyph are summed with the 
corresponding three alpha values of the most recently received glyph to produce three 
5 filtered alpha values representing the overlapping image portion. If the sum of any of 
the alpha values exceeds the maximum permitted alpha value, e.g., 6 in the exemplary 
embodiment, the summed alpha value is clipped to the maximum permitted alpha 
value. That is, the red, the green, and the blue pixel sub-component filtered alpha 
values of the current glyph are summed with the red, green and blue pixel 

10 sub-component alpha values of the previously received glyph, respectively, to 
produce a single set of red, green and blue pixel sub-component alpha values for the 
overlapping pixel. Clipping is only required in those rare cases where characters 
intentionally overlap since overlapping due to the edge padding of the present 
invention will not produce alpha values exceeding the maximum permitted value. 

15 In the case where padding of a vertical glyph edge is responsible for the 

overlap, as will be discussed below, the summation of the filtered alpha values 
produces the correct filtered alpha value for the overlapped image location, i.e., the 
resulting filtered alpha value properly takes into consideration color leakage across 
glyph boundaries resulting from the filtering operation. 

20 Summing of overlapping alpha values for image areas which overlap for 

reasons other than the padding operation discussed above, e.g., due to intentional 
character overlaps, may result in some errors in the generated filtered alpha values. 
However, intentional overlapping of text is rarely used since it makes the text difficult 
to read. Furthermore, empirical tests have shown that in cases where text character 

25 overlap occasionally due to spacing issues, the impact on overall image quality is 
usually not significant. Thus, the padding and alpha value summing technique of the 
present invention provides, in a computationally efficient manner, the correct filtering 
results for cases where characters abut one another or do not overlap, and provides 
acceptable results in those infrequent cases where characters do in fact overlap. 
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Once the 3 alpha values are generated for a pixel which corresponds to an 
overlapping glyph condition, the resulting alpha values are compressed, e.g., as 
discussed above in regard to step 1409 in the case of non-clipped values, to generate a 
compressed value. 

5 As a result of the clipping operation, it is possible that an alpha value triplet 

may be generated which does not occur due to normal filtering. Under such 
circumstances, the three generated alpha values are compressed by selecting the 
closest of the 115 possible results from box filtering, and the corresponding one of the 
values in the range of 0-1 14 is generated as a result of performing compression on the 
10 triplet. This selection of a closest filtering result is implemented via the same 
compression look-up table described in step 1409. 

The compressed value generated in the above manner, is written into the 
memory location corresponding to the pixel representing an overlapping portion of 
the glyphs. 

15 Once a multi-glyph image is constructed as described above, the compressed 

values representing the generated image, one for each pixel, are output to 
decompression step 1417. In decompression step 1417, a reverse look-up table is 
used to convert each compressed value in the range of 0-1 14 back into 3 filtered alpha 
values. The 3 filtered alpha values corresponding to each pixel are then supplied to 

20 color application and gamma correction step 1312. 

In step 1312 foregrounc^ackground color is applied and a gamma correction 
operation is performed on the multi-glyph image represented by sets of R, G, B pixel 
sub-component filtered alpha values, output by decompression step 1417. 

Background image data may be obtained, in the case of transparent character 

25 glyphs, from display buffer 1314 as indicated by the arrows with the dashed line 
leading from display buffer 314 to step 1312. The gamma corrected R, G, B pixel 
sub-component luminous intensity values generated for each image pixel in step 1312, 
are stored in the display buffer 1314 for subsequent use in controlling the display. 
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The padding, pre-cache filtering and subsequent processing of overlapping 
glyph edges to complete the filtering process of the present invention will now be 
described with reference to FIG. 16. Row 1 of FIG 16, indicated by the reference 
numeral 1600, illustrates two sets of intermediate alpha values 1602, 1604 
5 corresponding to border pixels of a first glyph GO and a second character glyph Gl. 
The letters GB denote the glyph boundary. 

In accordance with the present invention, assuming that character glyphs GO 
and Gl do not include right and left background borders one pixel wide, respectively, 
they will be padded. Row 1 606 illustrates the padding of the right side of glyph GO to 
10 added a one pixel wide background border, i.e., the intermediate set of alpha values 
1603. Note that each of the three intermediate alpha values in pixel segment 1603 are 
set to zero, indicating that the pixel segment 1603 corresponds to a background image 
portion. 

Row 1610 illustrates the padding of the left side of glyph Gl to added a one 
15 pixel wide background border, i.e., the intermediate set of alpha values 1605 is added. 
Note that each of the three intermediate alpha values in pixel segment 1605 are set to 
zero, indicating that the pixel segment 1605 corresponds to a background image 
portion. 

Rows 1612 and 1614 illustrate the effect of performing the above described 
20 block filtering on the intermediate alpha values illustrated in rows 1606 and 1610, 
respectively. As discussed above, the filtering involves summing three intermediate 
alpha values to produce a filtered value. The illustrated pre-cache filtering result 
assumes that the intermediate alpha values adjacent the illustrated pixel are within the 
glyphs GO and Gl and are available at the time the glyphs are filtered. The illustrated 
25 pre-cache filtering result also assumes that intermediate alpha values outside the 
padded glyph being filtered are zero. 

In rows 1612, 1614 superscript 0 is used to indicate a value corresponding to 
glyph GO while a 1 in the superscript is used to indicate a value corresponding to 
glyph Gl. A P in the superscript is used to indicate a value corresponding to a pixel 
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segment added through the use of padding. A large F in the superscript is used to 
indicate a filtered value which should be unaffected by the subsequent overlapping of 
glyph edges, e.g., a final filtered value. A small f in the superscript is used to indicate 
a filtered value which is likely to be subject to further processing as a result of an 
5 overlapping edge condition. 

In row 1612, the filtered values K B 0(0 and K R 0P(0 are as follows: 
K^°«lcG 0 +kB 0 + 0 
K R OP(n = k B °+0 + 0 

10 In row 1614, the filtered values K B lP<0 and K R 1<0 are as follows: 

K B mo = 0 + 0 + k R ' 
K R I(0 = 0 + kR 1 + k G 1 
Since character image spacing and positioning information is left unadjusted 
by the padding operation, the cached filtered alpha values resulting from the padded 
15 pixels will overlap the edge pixels of the neighboring character glyph assuming the 
character glyphs would normally abut one another absent the padding. As discussed 
above, in step 1516 filtered alpha values corresponding to overlapping image portions 
are summed to produce a single alpha value for the overlapped image portion. 

Filtered alpha values in rows 1612 and 1614 which will correspond to the 
20 same image" portions when the filtered glyphs GO and Gl are combined are shown in 
vertical columns. The plus sign 1615 indicates the summing operation performed in 
step 1416. The resulting post combination filtered alpha values produced along the 
glyph boundary are shown in row 1616. 

In row 1616, the filtered alpha values K B 0(F) and K R 1(F) are as follows: 
25 K B 0(F) = Kb 0(0 + K b ,P(0 =kc°+ k B ° + k R ] 

= K R 0Pf0 + K R ,(0 = k B ° + k R ] + kc 1 
Note that these values are identical to those which would have resulted had the 
glyphs GO and Gl, represented by intermediate alpha values, been combined and then 
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filtered using the above described intermediate alpha value filtering technique. Also 
note that the above described padding, filtering and overlapping edge technique of the 
present invention can be applied to general linear filters, e.g., triangular filters, etc., 
which are less than three pixels wide or even wider assuming more than one pixel of 
5 background padding is applied along the vertical edges of glyphs. 

When the above described filtering and display techniques are applied to 
certain fonts having narrow character stems, such as, e.g., Courier New, the resulting 
displayed characters can appear gray, assuming black text on a white background and 
can appear without significant contrast. This is understandable given the filtering 

10 applied during the display process. Given the above described filtering process, if a 
character is very thin, e.g., 1/6 of a pixel wide at a particular scan line, then only one 
sample of the six times over-sampled scan-line will be "on", e.g., correspond to the 
foreground color. This sample, after the filtering, will produce alpha values that are no 
more than 1 (on a scale from 0-6). If the background is white and the foreground is 

15 black, the pixel representing the character will not be more than 1/6 gray. This can be 
hard to read. Accordingly, in the case of thin-stemmed fonts, the improved resolution 
associated with treating pixel sub-components as independent luminous sources may 
make the characters thinner than is desirable. 

One way to address this problem would be to re-design the gray fonts such as 

20 Courier New, to be thicker than they presently are. However, redesigning fonts 
requires a significant investment in font designer time which can be extremely 
expensive. Another disadvantage of changing the font sets is that while broadening 
the font stems may improve appearance on LCD displays, it may result in overly thick 
character stems on CRT displays where, depending on the character display 

25 implementation, pixel sub-components may not be treated as independent luminous 
intensity sources. 

One feature of the present invention is directed to addressing the contrast 
problem associated with gray fonts without the need to re-design the fonts. 
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In order to enhance the contrast of fonts which tend to gray, it is desirable to 
slightly widen or "bloat" the foreground portions of character glyphs that are 
associated with the gray or font contrast problem mentioned above. Since the gray 
character font problem associated with thin-stemmed character fonts, such as Courier 
5 New, does not occur in the majority of fonts, it is desirable that the bloating of 
characters in accordance with the present invention be applied selectively. 

In one embodiment, information in the GASP table 807, which indicates the 
point size at which character stem widths will increase from one pixel to two pixels in 
width, is used to determine which fonts should be subject to bloating in accordance 
10 with the present invention and which should be rendered without bloating. In one 
embodiment, the bloating is applied to all characters of a font which is subject to 
bloating. 

Most fonts change stem widths from one to two pixels at point sizes in the 
range of 12-16 points. In the case of Courier New, a thin stem character font subject 

15 to the gray font problem discussed above, stem widths change from one pixel in width 
to two pixels in width at about a point size of 27 or 28 points. The large distinction in 
the character stem size transition points provides information which can be used to 
identify thin stemmed fonts which could benefit from the character bloating technique 
of the present invention and to distinguish fonts which might be adversely impacted 

20 by bloating. 

In one particular exemplary embodiment, characters glyphs which correspond 
to character fonts with stem widths that transition from one to two pixels in size above 
a pre-selected threshold are subject to bloating while others are not. In one exemplary 
embodiment, the threshold is set to 20 points. Thus, characters which correspond to 
25 fonts which the GASP table 807 indicates are to transition from one to two pixel wide 
stems above the size of 20 points, e.g., Courier New, are subject to bloating while 
others are not. 

Suitable rules for bloating portions of character glyphs, to which bloating is to 
be applied, are shown in table 1700 of FIG. 17. The illustrated rules are intended to 
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be applied to intermediate alpha values which have been generated by originally 
over-sampling each source image pixel segment by a factor of 6 and then summing 
pairs of samples to produce 3 intermediate alpha values per source pixel segment. 
The left side of table 1700 illustrates input intermediate alpha values and, in some 
5 cases a condition associated with an input alpha value. The right side of table 1 700 
illustrates the intermediate alpha value to be substituted for the intermediate alpha 
value shown on the left, provided that the condition, if any, associated with the input 
alpha value is satisfied. 

Intermediate alpha values to the exemplary bloating step of the present 

10 invention may assume the values of 0, 1, or 2. Based on the rules illustrated in table 
1700, intermediate input alpha values to the bloating step of the present invention of 1 
and 2 result in an output intermediate alpha value of 2. Intermediate input alpha 
values of 0 when located next to an intermediate alpha value of 2 result in a output 
intermediate alpha value of 1 . In addition, intermediate input alpha values of 0 when 

15 NOT located next to an intermediate alpha value of 2 result in a output intermediate 
alpha value of 0. 

FIGs. 18, 19 and 20 illustrate the application of the bloating rules of the 
present invention to various exemplary input sets of image samples and intermediate 
alpha values. On the left side of each of FIGS. 18, 19, and 20 the application of the 

20 bloating rules to an input set of image samples, six per source pixel segment and the 
resulting processed images samples are shown. On the right side of each of FIGS. 1 8, 
19, and 20 the application of the bloating rules to an input set of intermediate alpha 
values, each alpha value representing the sum of two image samples, is shown. The 
input alpha values is shown at the top right-hand portion of each of the figures and the 

25 intermediate alpha values resulting from the application of the bloating rules is shown 
on the lower right-hand side of each of FIGS. 18, 19, 20. 

The bloating rules illustrated in table 1700 may be implemented using a 
look-up table. FIG. 21 illustrates an image bloating look-up table 2100 which outputs 
intermediate alpha values resulting from applying the above bloating rules, through a 
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look-up operation, to input intermediate alpha values. The look-up table 2100 is 
generated by applying the image bloating rules of table 2100 to each possible set of 
intermediate alpha values which may be input to the table 2100. The resulting sets of 
processed intermediate alpha values, one for each possible input set of alpha values, 
5 are stored in the table 2100. Thus, there is one corresponding set of processed alpha 
values stored in the look-up table 2100 for each possible set of input intermediate 
alpha values. In response to the receipt of an input set of intermediate alpha values, 
the corresponding stored set of processed alpha values is output by the image bloating 
look-up table 2100. 

10 The intermediate alpha values generated by the image bloating look-up table 

2100 can subsequently be filtered to produce a set of filtered alpha values, e.g., at a 
rate of 3 per pixel. The filtering operation may be implemented using an image 
filtering look-up table 1200 which produces filtered alpha values in response to the 
input of intermediate alpha values. In FIG. 21, the letter B included in the superscript 

15 of the input intermediate alpha values supplied to filter table 1200 indicates the input 
alpha values have been processed according to the bloating rules of FIG. 1700. 

For fonts which are not subject to bloating, the image bloating table 2100 may 
be bypassed and the intermediate alpha values supplied directly to image filtering 
look-up table 1200. 

20 Rather than use two sequential look-up tables, it is possible to combine the 

operation of the image bloating look-up table 2100 and the image filtering look-up 
table 1200 into a single image bloating and filtering look-up table 2200 as illustrated 
in FIG. 22. The image bloating and filtering look-up table 2200 applies performs both 
image bloating operations and filtering operations as part of a single look-up 

25 operation. 

In one such embodiment, an image filtering look-up table 1200 is used to filter 
intermediate alpha values for fonts which are not subject to bloating while an image 
bloating/filtering look-up table 2200 is used to process intermediate alpha values 
corresponding to character glyphs subject to bloating. 
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Because the look-up table 2200 allows bloating and filtering operations to be 
performed in a single look-up operation, the processing required at display time to 
perform the bloating operation in addition to the filtering operation requires no more 
processing than performing the filtering operation alone. Accordingly, use of the 
combined bloating and filtering table of the present invention 2200 provides an easy 
and efficient way to adjust the weight of character fonts without having to modify the 
font or the hinting process associated therewith. 

As discussed above, the display methods of the present invention illustrated in 
FIGs. 13 and 14 can be used to process opaque or transparent glyphs. In the case of 
opaque glyphs, uniform foreground and background colors are applied through the 
use of alpha blending in step 1312. In the case of transparent glyphs, a uniform 
foreground color is applied and a potential varying background color, corresponding 
to pixel values of a stored image upon which the glyph is . to be placed, is applied. 
Thus, the use of transparent glyphs complicates the application of color in that the 
background color must be obtained for each pixel from an image buffer which stores 
the background image. In many cases, the background image used is the last 
displayed image, i.e., the image stored in the display buffer. 

FIG. 23 illustrates a color application and gamma correction process 2300 of 
the present invention for use with opaque glyphs. Process 2300 may be used to 
perform the color application and gamma correction step 1312 of either the post 
glyph-cache filtering embodiment illustrated in FIG. 13 or the pre-glyph cache 
filtering embodiment illustrated in FIG. 14. 

The color application and gamma correction process 2300 begins with the 
receipt of filtered alpha values, 3 per pixel. In step 2303, the filtered alpha values are 
normalized to a value between 0 and 1. In the exemplary embodiment, the filtered 
alpha values may assume a value in the range of 0 to 6. Accordingly, in such an 
embodiment, normalized alpha values are generated by dividing the filtered alpha 
values by 6. 
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The normalized alpha values produced in step 2303 serve as input to the color 
blending step 2304. In step 2304, foreground and background colors are applied. In 
the FIG. 23 embodiment, the foreground and background colors are specified by red 
(R), green (G) and blue (B) pixel sub-component luminous intensity values. A capital 
5 F subscript in FIG, 23 is used to indicate a foreground luminous intensity value while 
a capital B subscript is used to indicate a background luminous intensity value. The 
indicated foreground and background luminous intensity values used in step 2304 are 
non-gamma corrected (linear) values generated by applying inverse gamma correction 
operations 311, 313 to specified foreground and background luminous intensity 
10 values. If, however, the foreground and background colors are already specified in a 
non-gamma corrected (linear) color space, then the inverse gamma correction step 
should not be used. 

Note that in color blending step 2304, the red, green and blue pixel 
sub-component luminous intensity values are each generated from a different one of 
15 the three normalized alpha values generated per pixel. This differs from the prior art 
discussed above, where the same alpha value is used for all the pixel sub-components 
of a pixel. 

The red, green and blue pixel sub-component luminous intensity values 
generated in step 2304 are gamma corrected in step 2308. Gamma correction may be. 

20 performed using gamma correction look-up table 2309 to generate R, G, and B~ 
gamma corrected luminous intensity values for each pixel. The gamma corrected 
RGB luminous intensity values are stored in the display buffer 2308 for use in 
controlling the display device to display the intended character images. 

Box 2306, shown using dashed lines, represents an alternative to the separate 

25 alpha normalization, color blending, and gamma correction steps. For a given 
foreground and background color combination, alpha value normalization, color 
blending, and gamma correction operations may be performed for all supported 
filtered alpha value combinations. The results can be stored in a look-up table 2306 
and then used to implement a color application and gamma correction operation 
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through a single look-up table operation. The R,G,B luminous intensity values 
generated through the use of look-up table 2306 are stored in the display buffer as 
would be the values from gamma correction step 2309. 

For even greater computational efficiency, when the process of FIG. 14 is 
5 being used for opaque glyphs, the functionality of decompression step 1417, can be 
merged into look-up table 2306 to provide a single look-up table which performs 
decompression, alpha value normalization, color blending, and gamma correction 
operations through a single look-up table operation. In such an embodiment the input 
to the single look-up table would be a single compressed alpha value per pixel, e.g., a 

10 value in the range of 0-1 14, and the output would be gamma corrected R, G, and B 
luminous intensity values resulting in three luminous intensity values per pixel. 

As discussed above, the application of foreground and background colors and 
gamma correction differs in the transparent glyph case from that described above in 
regard to the opaque glyph case. 

15 FIG. 24 illustrates a color application and gamma correction process 2400 of 

the present invention for use with transparent character glyphs. Process 2400 may be 
used to perform the color application and gamma correction step 1312 of either the 
post glyph-cache filtering embodiment illustrated in FIG. 13 or the pre-glyph cache 
filtering embodiment illustrated in FIG. 14 when transparent characters are to be 

20 displayed. 

The color application and gamma correction process 2400 begins with the 
receipt of filtered alpha values, 3 per pixel in step 2402. Then, in step 2403, the 
filtered alpha values are normalized to a value between 0 and 1 . In the exemplary 
embodiment, the filtered alpha values may assume a value in the range of 0 to 6. 
25 Accordingly, in such an embodiment, normalized alpha values are generated by 
dividing the filtered alpha values by 6. 

The normalized alpha values produced in step 2403 serve as input to the 
compositing step 2404. The term compositing is used to refer to a color blending 
operation which involves the use of a background image to supply the background 
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color luminous intensity values used in the blending operation. In step 2404, 
foreground and background colors are applied. In the FIG. 24 embodiment, the 
foreground and background colors are specified by red (R), green (G) and blue (B) 
pixel sub-component luminous intensity values. A capital F subscript in FIG. 24 is 
5 used to indicate a foreground luminous intensity value while a B subscript is used to 
indicate a background luminous intensity value. 

While the foreground color is a constant value, the background color depends 
on the content of the image which is used as the source of the background color 
information, e.g., the image stored in display buffer 1314. Foreground and 

10 background luminous intensity values used in step 2304 are non-gamma corrected 
values generated by applying inverse gamma correction operations 311, 313 to the 
specified foreground color values and the background luminous intensity values 
obtained from the portion of the image in display buffer 1314 which corresponds to 
the same pixel location of the pixel upon which the color blending operation 2404 is 

15 being performed. 

Note that in color blending step 2304, the red, green and blue pixel 
sub-component luminous intensity values are each generated from a different one of 
the three normalized alpha values generated per pixel. 

The red, green and blue pixel sub-component luminous intensity values 

20 generated in step 2404 are gamma corrected in step 2308. Gamma correction may be 
performed using gamma correction look-up table 2309 to generate R, G, and B 
gamma corrected luminous intensity values for each pixel. The gamma corrected 
RGB luminous intensity values are stored in the display buffer 1314 for use in 
controlling the display device to display the intended character images. 
' 25 While gamma correction has generally been described in regard to the various 

embodiments of the present invention, as being applied in the RGB color space, e.g., 
in step 1312, it could be applied in the alpha color space. In such embodiments of the 
present invention, gamma correction is applied to the filtered alpha values. This may 
be done prior to caching of the filtered alpha values in pre-cache glyph filtering 
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embodiments. Alternatively, gamma correction can be performed in the alpha color 
space after the filtered alpha values are output from the glyph cache or, in the post 
glyph cache filtering embodiments, after filtering of the intermediate alpha values 
output from the glyph cache. 

5 Application of gamma correction in the alpha color space is less accurate than 

in the RGB color space but has the advantage of eliminating the need to perform an 
inverse gamma correction operation on foreground and background color luminous 
intensity values being used to apply color to the filtered alpha values. In addition, 
because it is applied in the alpha color space, in some cases it can be applied prior to 

10 caching of the character glyph thereby eliminating the need to perform gamma 
correction each time a character glyph is displayed. 

FIG. 25 illustrates a process for displaying character images which involves 
the use of post glyph cache filtering of character glyphs and the application of a 
gamma correction in alpha space. Note that the FIG. 25 process 2500 is similar to the 

15 FIG. 13 process but for the fact that gamma correction is applied in the alpha space in 
step 2511. Color is then applied in step 2512 through the use of color blending 
techniques. 

FIG. 26 illustrates a process 2600 for displaying character images which 
involves the use of pre-glyph cache filtering of character glyphs and the application of 

20 gamma correction in the alpha color space in step 2609 before caching of the filtered 
alpha values or, alternatively, in step 2609' after caching of the filtered alpha values. 
Note that the FIG. 26 process is similar to the FIG. 14 process but for the fact that 
gamma correction is applied in the alpha space prior to the application of color in step 
2612 through the use of color blending techniques. 

25 In view of the description of the invention included herein, numerous 

additional embodiments and variations on the discussed embodiments of the present 
invention will be apparent to one of ordinary skill in the art. It is to be understood 
that such embodiments do not depart from the present invention and are to be 
considered within the scope of the invention. 
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What is claimed is: 
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1 . A method of processing image data for display, the method comprising: 

receiving a plurality of glyphs, each glyph including a plurality of 

alpha values; 

generating, from the received plurality of glyphs, a set of alpha values 
5 representing a string of glyphs; and 

filtering the set of alpha values to generate a set of filtered pixel 
sub-component alpha values including at least one filtered alpha value for each pixel 
sub-component used to represent the string of glyphs, at least one filtered pixel 
sub-component alpha value being generated from alpha values, included in the set of 
10 alpha values, corresponding to two different character glyphs. 

2. The method of claim 1, wherein the glyphs are character glyphs, the 
method further comprising the steps of: 

sampling a character source image to generate the alpha values 
included in each character glyph, each distinct character glyph being generated from a 
15 different character source image; 

storing each character glyph including the generated alpha values in a 
glyph cache; and 

outputting from the glyph cache said plurality of glyphs. 

3. The method of claim 2, wherein the character source image is a 
20 foreground/background outline representation of a character. 

4. The method of claim 2, wherein each character source image includes a 
plurality of source image pixel segments which have an area corresponding 
proportionately in size to the area of a pixel of a display device used to display the 
character glyphs, said sampling including the act of sampling each source image pixel 

25 segment at a rate which is an integer multiple of the number of pixel sub-components 
included in each pixel of said display device. 

5. The method of claim 2, further comprising: 

performing a color blending operation using said filtered pixel 
sub-component alpha values as blend coefficients, using foreground color luminous 



WO 01/10112 



PCT/USOO/20663 



-50- 

intensity values, and using background color luminous intensity values, to generate 
red, green and blue pixel sub-component luminous intensity values. 

6. The method of claim 5, wherein the color blending operation is 
performed using a look-up table. 

7. The method of claim 2, further comprising the step performing a combined 
color blending and gamma correction operation by using said filtered pixel 
sub-component alpha values as an index into a combined color blending/gamma 
correction look-up table which outputs red, green and blue pixel sub-component 
luminous intensity values. 

8. The method of claim 5, further comprising: 

performing a gamma correction operation on the red, green and blue 
pixel sub-component luminous intensity values generated by the color blending 
operation to produce gamma corrected red, green and blue pixel sub-component 
luminous intensity values; and 

storing the gamma corrected red, green and blue pixel sub-component 
luminous intensity values in a display buffer. 

9. The method of claim 8, further comprising the step of: 

retrieving from the display buffer previously stored gamma corrected 
red, green and blue pixel sub-component luminous intensity values; and 

performing an inverse gamma correction operation on the retrieved 
gamma corrected red, green and blue pixel sub-component values to generate said 
background luminous intensity values used in the color blending operation. 

10. The method of claim 1, wherein the set of alpha values representing a 
string of glyphs includes alpha values from a first glyph corresponding to a first pixel 
located along a first side of a glyph boundary, and includes alpha values from a 
second glyph corresponding to a second pixel located along a second side of said 
glyph boundary; and 

wherein the at least one filtered pixel sub-component alpha value 
generated from alpha values corresponding to two different character glyphs is 
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generated by filtering an alpha value from the first pixel and an alpha value from the 
second pixel to generate said at least one filtered pixel sub-component alpha value. 

11. A machine readable medium, comprising: 

computer executable instructions for controlling a computer device to 
5 perform the steps of the image data processing method recited in claim 1 . 

12. A system for processing image data, the system comprising: 

means for generating a set of alpha values from a plurality of glyphs, 
each glyph including a plurality of alpha values; and 

means for filtering the set of alpha values to generate a set of filtered 
10 pixel sub-component alpha values including at least one filtered alpha value for each 
pixel sub-component used to represent the string of glyphs. 

13. The system of claim 12, wherein said means for filtering includes means 
for generating at least one filtered pixel sub-component alpha value from alpha values 
corresponding to two different character glyphs. 

15 14. The system of claim 12, further comprising: 

a glyph cache for storing said plurality of glyphs, each glyph including 
a number of alpha values, the number of alpha values included in each glyph being 
greater than the number of pixels used to display the glyph, an output of the glyph 
cache being coupled to the means for generating a set of alpha values from a plurality 
20 of glyphs. 

. 15. The system of claim 14, further comprising: 

means for performing a color blending operation using the filtered 
pixel sub-component alpha values, foreground color information and background 
color information to generate pixel sub-component luminous intensity values. 
25 16. The system of claim 15, further comprising: 

means for performing a gamma correction operation on the generated 
pixel sub-component luminous intensity values to generate gamma corrected pixel 
sub-component luminous intensity values. 

17. The system of claim of claim 16, further comprising: 
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a display buffer coupled to the means for performing a gamma 
correction operation for storing the generated gamma corrected pixel sub-component 
luminous intensity values; and 

a display device coupled to the display buffer, the display device 
5 including a plurality of pixels, each pixel including a plurality of pixel 
sub-components. 

18. A method of processing character data for display, the method 
comprising: 

sampling representations of character images to generate character 
10 glyphs, each character glyph being represented by a plurality of alpha values; 

receiving at least two of said character glyphs, each character glyph 
including alpha values representing a plurality of pixels, each pixel being represented 
by at least two alpha values, each one of the two alpha values corresponding to a 
different pixel sub-component of the represented pixel; 
15 combining the received character glyphs to generate a set of alpha 

values representing a string of characters; 

filtering the set of alpha values to generate a set of filtered pixel 
sub-component alpha values including at least one filtered alpha value for each pixel 
sub-component used to represent the string of character glyphs, at least one filtered 
20 pixel sub-component alpha value being generated from alpha values corresponding to 
the two different character glyphs. 

19. The method of claim 18, 

wherein each pixel includes three pixel sub-components, a red, a green 
and a blue pixel sub-component; and 
25 wherein the filtering step generates a red, a green and a blue filtered 

pixel sub-component alpha value for each pixel used to represent the string of 
characters. 

20. The method of claim 19, further comprising: 



WO 01/10112 



PCT/USOO/20663 



-53- 



performing, for each one of a plurality of pixels used to represent the 
string of characters: 

i) a color blending operation using red foreground color information, red 
background color information, and the red filtered pixel sub-component alpha value 

5 corresponding to said one of the plurality of pixels to generate a red luminous 
intensity value for use in controlling the light output of the red pixel sub-component 
of said one of the plurality of pixels; 

ii) a color blending operation using green foreground color information, green 
background color information, and the green filtered pixel sub-component alpha value 

10 corresponding to said one of the plurality of pixels to generate a green luminous 
intensity value for use in controlling the light output of the green pixel sub-component 
of said one of the plurality of pixels; and 

iii) a color blending operation using blue foreground color information, blue 
background color information, and the blue filtered pixel sub-component alpha value 

15 corresponding to said one of the plurality of pixels to generate a blue luminous 
intensity value for use in controlling the light output of the blue pixel sub-component 
of said one of the plurality of pixels. 

21. A display method for use with a display device including a plurality of 
pixels, each pixel including at least two different colored pixel sub-components, the 
- 20 method comprising: 

storing a first glyph in a glyph cache, the first glyph including filtered 
alpha values to be used in controlling the light output of pixels of the display device, 
at least two alpha values, corresponding to two different pixel sub-components, being 
stored for each pixel for which alpha value information is stored; 
25 storing a second glyph in the glyph cache, the second glyph including 

filtered alpha values to be used in controlling the light output of pixels of the display 
device, at least two alpha values, corresponding to two different pixel 
sub-components, being stored for each pixel for which alpha value information is 
stored; and 
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combining, as a function of spacing information, the first and second 
glyphs to form a multi-glyph image, the step of combining the first and second glyphs 
including: 

summing filtered alpha values from the first and second character 
5 glyphs which correspond to overlapping image portions to thereby generate a single 
alpha value for each overlapped image portion for which alpha values from the first 
and second glyphs exist. 

22. The method of claim 21, 

wherein the first and second glyphs are character glyphs, 
10 wherein the first character glyph corresponds to a character image 

which has been padded to include at least a one pixel sub-component wide 
background color boarder along the left and right vertical edges of the character 
represented by the character glyph. 

23. The method of claim 21, wherein the first and second glyphs are character 
15 glyphs, the method further comprising: 

padding data representing a first character to provide at least one pixel 
sub-component width of background colored space along each vertical edge of the 
represented character thereby producing a first padded character representation; 

padding data representing a second character to provide at least one 
20 pixel sub-component width of background colored space along each vertical edge of 
the represented character thereby producing a second padded character representation; 
and 

filtering the first and second padded character representations to 
generate said first and second character glyphs. 
25 24. The method of claim 23, wherein the step of padding data representing a 

first character includes: 

selectively adding data representing a background colored pixel 
sub-component to each vertical edge of the first character only at points along each 
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vertical edge of the first character where a pixel sub-component width of background 
colored space does not already exist. 

25. The method of claim 24, wherein the step of padding data representing a 
second character includes the steps of: 

5 selectively adding data representing a background colored pixel 

sub-component to each vertical edge of the second character only at points along each 
vertical edge of the first vertical character where a pixel sub-component width of 
background colored space does not already exist. 

26. The method of claim 21, wherein the first and second glyphs are character 
10 glyphs, the method further comprising: 

processing data representing a first character to insure at least a one 
pixel sub-component width of background colored space along each vertical edge of 
the first character thereby producing a first processed character representation, the 
processing including padding of the glyph edge as required to insure the one pixel 
15 sub-component width of background colored space along each vertical edge of the 
first character; 

processing data representing a second character to insure at least a one 
pixel sub-component width of background colored space along each vertical edge of 
the second character thereby producing a second processed character representation, 
20 the processing including padding of the glyph edge as required to insure the one pixel 
sub-component width of background colored space along each vertical edge of the 
second character; and 

filtering the first and second processed character representations to 
generate said first and second character glyphs. 
25 27. The method of claim 26, further comprising: 

outputting from the glyph cache, for processing by said combining 
step, the first and second character glyphs. 

28. The method of claim 26, further comprising: 
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applying color to the multi-glyph image by performing a color 
blending operation using the filtered alpha values included in the multi-glyph image, 
foreground color information, and background color information to produce pixel 
sub-component luminous intensity values. 
5 29. The method of claim 28, wherein each filtered alpha value of the 

multi-glyph image corresponds to a different pixel sub-component, the step of 
applying color including; 

performing a separate color blending operation for each filtered alpha 
value of the multi-glyph image to produce red, green and blue pixel sub-component 
10 luminous intensity values. 

30. The method of claim 29, further comprising the step of performing a 
gamma correction operation on the generated red, green and blue pixel 
sub-component luminous intensity values. 

31. The method of claim 26, further comprising the step of performing a 
15 gamma correction operation on alpha values included in the first and second character 

glyphs. 

32. The method of claim 31, wherein the step of performing a gamma 
correction operation is performed prior to storage of the first and second character 
glyphs in the glyph cache. . 

20 33. The method of claim 31, wherein the step of performing a gamma 

correction operation is performed subsequent to storage of the first and second 
character glyphs in the glyph cache. 
34. The method of claim 26, 

wherein the step of storing a first glyph includes the steps of: 
25 i) compressing filtered alpha values corresponding to 

different pixel sub-components of a pixel into a compressed value, 
thereby generating a compressed value for each pixel; and 

ii) storing the generated compressed values in the glyph 

cache; and 
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wherein the method further including outputting from the glyph cache, for processing 
by said combining step, the first character glyph, the step of outputting the first 
- character glyph includes the step of decompressing the stored compressed values 
corresponding to the first character glyph. 
5 35. A machine readable medium comprising computer executable instructions 

for controlling a computer device to perform the steps of the method recited in claim 
20. 

36. A processing device for use with a display device including a plurality of 
pixels, each pixel including at least two different colored pixel sub-components, the 

10 processing device comprising: 
a glyph cache; 

means for storing a first glyph in the glyph cache, the first glyph 
including filtered alpha values to be used in controlling the light output of pixels of 
the display device, at least two alpha values, corresponding to two different pixel 
15 sub-components, being stored for each pixel for which alpha value information is 
stored; and 

means for storing a second glyph in the glyph cache, the second glyph 
including filtered alpha values to be used in controlling the light output of pixels of 
the display device, at least two alpha values, corresponding to two different pixel 
20 sub-components, being stored for each "pixel for which alpha value information is 
stored. 

37. The device of claim 36, further comprising: 

means for processing the first and second glyphs to form a multi-glyph image, 
the processing means including circuitry for combining filtered alpha values from the 
25 first and second character glyphs which correspond to overlapping image portions to 
thereby generate a single alpha value for each overlapped image portion for which 
filtered alpha values from the first and second glyphs exist. 

38. The device of claim 36, wherein said circuitry for combining filtered 
alpha values includes summing circuitry included in a processor. 
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39. The processing device of claim 36, wherein the first and second glyphs 
are character glyphs, the processing device further comprising: 

means for padding data representing a first character to provide at least 
one pixel sub-component width of background colored space along each vertical edge 
5 of the represented character thereby producing a first padded character representation; 

means for padding data representing a second character to provide at 
least one pixel sub-component width of background colored space along each vertical 
edge of the represented character thereby producing a second padded character 
representation; and 

10 a filter for filtering the first and second padded character 

representations to generate said first and second character glyphs. 

40. The device of claim 38, wherein the first and second glyphs are character 
glyphs, the device further comprising: 

means for processing data representing a first character to ensure at 
15 least a one pixel sub-component width of background colored space along each 
vertical edge of the first character thereby producing a first processed character 
representation, the processing including padding of the glyph edge as required to 
insure the one pixel sub-component width of background colored space along each 
vertical edge of the first character; 
20 means for processing data representing" a second character to ensure at 

least a one pixel sub-component width of background colored space along each 
vertical edge of the second character thereby producing a second processed character 
representation, the processing including padding of the glyph edge as required to 
insure the one pixel sub-component width of background colored space along each 
25 vertical edge of the second character; and 

a filter for filtering the first and second processed character 
representations to generate said first and second character glyphs. 
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41. A method of processing images for display on a color display device 
including a plurality of pixels, each pixel including a plurality of pixel 
sub-components, the method comprising: 

processing data representing a first character to insure at least a one 
5 pixel sub-component width of background colored space along each vertical edge of 
the represented character thereby producing a first processed character representation; 

processing data representing a second character to insure at least a one 
pixel sub-component width of background colored space along each vertical edge of 
the represented character thereby producing a second processed character 
10 . representation; 

filtering the first and second processed character representations to 
generate first and second character glyphs including a plurality of alpha values; and 

combining the first and second character glyphs to form a multi-glyph 
image, the step of combining the first and second character glyphs including the step 
15 of: 

processing alpha values from the first and second character glyphs 
which correspond to overlapping image portions to thereby generate a single alpha 
value for each overlapped image portion for which alpha values from the first and 
second character glyphs exist. 
20 42. The method of claim 41, wherein the step of processing alpha values from 

the first and second character glyphs which correspond to overlapping image portions 
includes the step of summing filtered alpha values corresponding to overlapping 
image portions. 

43. The method of claim 41 further comprising: 
25 performing a data compression on the alpha values included in the first 

and second character glyphs; 

storing the first and second character glyphs in a glyph cache; 
outputting the first and second character glyphs from the glyph cache; 
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performing a data decompression operation on the first and second 
character glyphs to thereby restore the alpha values included therein to an 
uncompressed form; and 

supplying the first and second character glyphs resulting from 
5 performing the data decompression operation to said step of combining the first and 
second character glyphs. 

44. A machine readable medium comprising computer executable instructions 
for controlling a computer device to perform the steps of the method recited in claim 
41. 

10 45. A method of processing image data, comprising: 

sampling an image to generate a plurality of alpha values; 

filtering the alpha values to generate multiple filtered alpha values per 

pixel; and 

storing the filtered alpha values in a glyph cache as part of a character 

15 glyph. 

46. The method of claim of claim 45, wherein the filtering step includes: 

generating each filtered alpha value, from . multiple alpha values 
generated by said sampling, one filtered alpha value being generated for each pixel 
sub-component of a pixel. 
20 47. The method of claim 46, wherein the step of filtering the alpha values 

includes the step of: 

performing a filter look-up table operation. 
48. The method of claim 45, 

wherein each pixel used to represent said image includes a red, green 
25 and blue pixel sub-component; and 

wherein the filtering step includes the step of using alpha values 
generated from different portions of said image to generate each one of said filtered 
alpha values, three alpha values being generated per pixel. 
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49. The method of claim 46, wherein the step of storing the alpha values in 
the glyph cache includes the step of: 

compressing the multiple filtered alpha values generated for each pixel 
into a single compressed value; and 
5 storing the single compressed value generated for each pixel in the 

glyph cache. 

50. The method of claim 48, further comprising: 

receiving character glyphs from the glyph cache; 

combining the character glyphs to form multi-glyph images, the step of 

10 combining the character glyphs including the step of: 

processing multiple filtered alpha values corresponding 
to the same pixel sub-component of the multi-glyph image, to generate 
one filtered alpha value per pixel sub-component of the multi-glyph 
image, said multiple filtered alpha values corresponding to the same 

15 pixel sub-component resulting from overlapping glyph edges. 

51. The method of claim 50, wherein the step of processing multiple filtered 
alpha values includes the step of summing filtered alpha values corresponding to the 
same pixel sub-component to produce a single filtered alpha value corresponding to 
said same pixel sub-component. 

20 52. A method of processing image data, comprising the steps of: 

sampling an image to produce a plurality of alpha values; 
storing a glyph including the plurality of alpha values in a glyph cache; 
receiving from the glyph cache the glyph; and 

filtering the plurality of alpha values included in the glyph to produce 
25 multiple filtered alpha values per.pixel. 

53. The method of claim 52, wherein the filtering produces at least one filtered 
. alpha value for each pixel sub-component of a pixel including red, green and blue 

pixel sub-components. 

54. The method of claim 52, 
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wherein a pixel includes a red, a green and a blue pixel 
sub-component; and 

wherein the filtering produces a red, a green and a blue filtered pixel 
sub-component alpha value for each pixel used to represent said image. 
5 55. A method of processing image data, comprising: 

sampling an image to generate a plurality of alpha values; 

filtering the alpha values to generate a single compressed value per 

pixel; and 

storing the single compressed value for each pixel in a glyph cache; 
10 receiving the stored compressed values stored in the glyph cache; and 

decompressing the compressed values to produce a plurality of filtered 
alpha values per pixel. 

56. The method of claim 55, wherein the filtering step includes the act of: 

using a look-up table to generate a single compressed value per pixel 
1 5 from multiple alpha values. 
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